Interpolation of medical slice images is an important procedure in 3D reconstruction. To overcome the shortcomings, which are brought by current algorithms, such as blur of objects' boundary, high cost-time etc, this paper proposes a novel adaptive image interpolation algorithm that is suitable to medical image processing. This algorithm makes good use of characteristics of anatomical structures and voxel relativity and uses the following strategies: firstly to judge whether the interpolated point belongs to ROI (Region Of Interest), then to get the best point-pair according to comparability principle of surface. The experimental results show that the novel method enables new images to better accord with the practical demand not only in gray but anatomical structures as well. Moreover, this algorithm is much better than the current algorithms of this kind in time costing. Therefore, our algorithm is more suitable to volume rendering which is one method of 3D reconstruction.
INTRODUCTION
With the development of imaging technology such as CT, MRI, laser confocal scanning microscope, ultrasonic etc, formation of slice images and extraction of human 3D anatomical structures became possible. However, since CT and MRI are limited by hardware conditions, security and economic factors, image data is anisotropic. That is, distance between neighboring slice images is much farther than that between two adjacent pixels in one slice image, which leads to great difference between reconstructed 3D object and the real object, so the effect is not very satisfactory. Therefore, the key point of getting better 3D data of human tissues from a series of 2D slice images is inter-layer interpolation. That is, several images are interpolated between two slice images, which make 3D reconstruction better. Only when we get complete description of the object that the 3D data stands for and when we construct virtual tissues and organs, can it be favorable for medical analysis and computing of 3D dosage field in radiotherapy plan.
RELATED WORK
At present, common methods of interpolation of medical slice images can be divided into gray-based, object-based and wavelet-based methods. In Graybased methods we suppose that gray values change linearly in any direction and estimate gray value of inter-layer voxel using that of source slice images. This kind of methods need less computing and are easy to realize, and they use smooth curves to fit existing data, which in essence is a kind of low-pass processing, but border of objects is mainly decided by high-frequency part. Therefore, result of interpolation leads to fuzzy boundary [6] . Object-based methods suppose that original images can be segmented into binary images only containing ROI. So they first derive the shape features of objects, and then use corrosion and expansion of mathematical morphology to interpolate new points between layers. This kind of methods has solved problems of fuzzy boundary of 3D objects. But the computing of mathematical morphology is so complex that it is not easy to realize and binarying will lead to loss of information, which will not be suitable for interpolation of medical images with gray grades at 4096. Wavelet-based methods are to interpolate in gray and shape by changing the location and intensity of wavelet coefficients of marginal points. They can overcome the shortcomings such as fuzzy boundary. But it needs much computing to overcome shortcomings of above methods. Paper [6, 7] proposed interpolation methods based on matching points. They found optimal matching points within slice images above and below according to predefined conditions, and interpolated new images using gray value of optimal matching points. This method is effective, but since this method didn't take into consideration important features except for RONI (Region Of Not Interest), such as air, it took much time to select optimal matching points in uninteresting areas and the computing cost is large. In paper [8] and [9] , they transformed 2D gray images to 3D binary images using morphology methods, and then conducted shape where points V(i, j, k) and V(i, j, k + 1) have the sane x, y values with interpolated point, f ijk , f ij(k + 1) are the gray values of points V(i, j, k) and V(i, j, k + 1), A k , A k + 1 are the regions which use these two points as center points. In addition, in this paper, we changed linear interpolation formula
into
Here d 1 , d 2 are the distance of V(i, j, k) and V(i, j, k + 1) to interpolated point. We dealt with other formulas as the same process, so the number of multiplications reduced to half of, and the time-costing cuts down greatly.
ANALYSIS OF MEDICAL IMAGES' CHARACTERISTICS
In allusion to the algorithm mentioned above, this paper disserts the theoretical basis of it as follow, and discourses upon how to calculate the relativity coefficient of two W x W regions: A k , and A k+1 , choose the best point-pair from the two W ( W regions and then utilize linear interpolation using the gray values.
Anatomical Structures Relativity
There are different CT or MRI values corresponding to different structures with different densities in the CT or MRI images. The medical gray distribution can express the coexistence of different organizations clearly. According to Linderberge-Levy Central Limit theorem, one can prove that when the voxels are infinite, gray distribution of the organization is normal distribution. From low to high gray values denote the air, fat, soft tissue and bone, respectively.
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Research and application of a novel adaptive 3-D medical image interpolation method using ROI According to the difference of the gray, firstly judge the interpolated point V(i, j, d) belongs to RONI (such as air) or ROI (such as human tissue). If it belongs to ROI, we need to judge whether the two regions belong to the same anatomical structure. In order to judge whether the corresponding regions belong to the same structure, in this paper we select two W × W regions use (i, j) as center points.
4.1.1. Define Regions' Width: W For carrying on 3-linear interpolation and determining the best corresponding points conveniently, W can be obtained with two approaches:
1. Make certain a fixed value: to choose odd for guaranteeing symmetry commonly, such as 3 x 3, 5 x 5, etc.; 2. and W could be determined by ∆z and , where ∆z and ∆z denote the distance of two adjacent slice images and the distance of two adjacent pixels in one image.
The Computing of Anatomical Structure Relativity
where . We can judge whether the two regions belong to the same anatomical structure by comparing ρ and a certain threshold. The larger the value of ρ is, the more similar the corresponding regions are, that is the possibility of the two regions which belong to the same anatomical structure is bigger than others.
Voxel Relativity
In order to restitute different organizational information, this algorithm takes full advantage of the characteristics of the slice images. Usually in the human body, a voxel is correlated with the voxel around and the most closely to the adjacent voxel.
The Proposal of the Voxel Relativity
Because the most closely to a voxel is its adjacent voxel, so in order to descript voxel relativity we use the comparability principle of surface in this paper. According to tensor product principle, we made slice images into fitted surface with taking gray values for Z-axis values, (This experiment took two neighboring slice images).
In this experiment, we subtracted one image from another by gray values and then made the new image into fitted surface with taking gray values for Zaxis values. The almost horizontal shape of the fitted surface and the Z-values which approach to zero show that the two slice images are quite similar. So we can get the results that the variation rate and the variation direction of gray value of the corresponding points in two adjacent slice images should be the same. Since sampling images can be in any directions, the voxel should satisfy the surface similarity theory in any direction, that is: There are relations between voxels. Based on the relations, now we show how to ascertain the best point-pair.
Optimum Point-pair Determining
The edge is not always along with Z-axis direction in anatomical structure of interest, that is, the same structures in human body are not always vertical. So the change of gray values of voxels is not linear with Z-axis direction and the medical human anatomical structure image can show this clearly. So in order to interpolate appropriate points, the key point is to select the best point-pair from the numerous points-pair. In the k-level slice image, the coordinates of the matching points are: (4) Corresponding to the matching point in k-level, the coordinates of the matching point in (k + 1)-level are:
( Based on the analysis of the voxel relativity, the best point-pair should satisfy following conditions: the gray values of the matching points should be close; the change rate of the gray of the matching points should be close; the variation of the directions of the matching points and points around should be similar and the distance of the matching point-pair should be small. Based on the analysis above, we form the function: (6) where α, β, γ are weighting coefficients, f ji (j = k, k + 1) is the gray value of the point-pair, K ji (j = k, k + 1) is the largest slope around the i-th matching pointpair, and θ i is the angle between K ki and K (k+1)i . They can be calculated by difference. Because the distance between matching points should be smaller, in this paper we weighed function (6) with exponential distribution:
The new function denoting the matching degree can be given by: (8) The point-pair is the best when the value of R(V ki ,V (k+1)i ) is minimal, that is, (9) and then interpolate the new point using gray values.
EXPERIMENTAL RESULTS
The hardware environment in the experiment is as following: CPU: P(R) 4 2.8GHz; Memory: 512M; video card: 128M.The experimental data are medical slice images and are provided by the first affiliated hospital of Soochow University. The image format accords with DICOM 3.0 standard.
(
Interpolation of One Image
In the experiment of this paper, we use the slice images of the human skull. Select two groups 512 × 512 256 grades CT images (We change the 4096 grades into 256 grades by a certain window center and window width because our display only can shows 256 grades gray). ∆z is the spacing of two adjacent medical slice images. Interpolation in slice images is interpolated a new image from subfigure (a) I k to subfigure (c) I k+1 . In this experiment, the parameters are: α = 8, β = 1, γ = 0.5, λ = 1. The difference between the images obtained by linear interpolation algorithm (LIA) and adaptive interpolation algorithm (AIA) and interpolation based on gradient algorithm (GIA) respectively are showed in the table 1 and 2. We can draw this figure as follow from the two tables above: where the line whit rhombus denotes the spacing :2∆z, and the line with square denotes the spacing :4∆z. Beam 1, 2 and 3 denote linear interpolation algorithm ,adaptive interpolation algorithm and interpolation based on gradient algorithm respectively. In order to show and compare conveniently, the dotted line translational down 200 units in Fig. 4 map, mean square deviation comparative map, the number of the points with different gray values comparative map and the absolute total of the margin of gray values comparative map respectively. From the Fig. 4 and table 1, when the spacing is 2∆z, we know that any indicator of the image interpolated by adaptive interpolation is better than these of the other two algorithms only except the time costing of adaptive interpolation is little than that of the linear algorithm. Because of the small spacing between the images I k and I k+1 , the image obtained by linear interpolation algorithm has small difference compared with the algorithm proposed in this paper, but the algorithm based on gradient doesn't take full advantage of the correlation theory and the time costing is much more than the algorithm proposed in this paper.
From Fig. 4 and table 2 , the margin of mean square deviation: σ(I d ) are 64.84 and 61.28, and the margin of the absolute total of the margin of gray values are 354746 and 157083, which are represented as the slope of the dotted line is bigger than that of the solid line in the Fig. 5(b) and 5(d) , respectively. From the discussion above, we know that the linear interpolation and interpolation based on gradient are more worse with the increasing of the distance of I k to I k+1.
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Interpolation of a Series of Images
For carrying 3D reconstruction conveniently, we must interpolate many images between two adjacent medical slice images. The above images are interpolated by different algorithms. Where images (1) and (10) are original medical slice images in subfigures (a) (b) and (c), and image (2) to image (9) are interpolated images. For showing the details in interpolated images clearly, we only display the regions which are at the same of position in every image .From the above images, and we could discern the difference conveniently and clearly. Now we can compare the images from (3) to (7) within subfigures (a) (b) and (c), the images interpolated by linear interpolation and interpolation based on gradient leaded to double profile, and images interpolated by adaptive interpolation are more clear than others'. Fig.  6 shows the cost-time of three interpolation algorithms. The cost-time of interpolation based on gradient algorithm is much larger than our algorithm.
We can draw this figure as follow from the above Research and application of a novel adaptive 3-D medical image interpolation method using ROI Figures 4 and 6 show the cost-time of adaptive interpolation is much less than that of the algorithm based on gradient. So the algorithm is better than the other two algorithms when the distance between the original medical slice images increases or the number of interpolated images increases. In the light of foregoing, the contours of linear interpolation images are blurry and have double profile, and the time costing of the interpolation based on gradient is too high and the quality of images decreases greatly with the rising of the distance between the original medical slice images. The adaptive algorithm proposed in this paper enables new image to have clear contour and be with less noise. The algorithm improves the image quality and more important, it decreases the time costing, so the algorithm is superiority. 
DISCUSSION
The original data of the 3D reconstruction experiment are 10 interpolated images which are the results of previous experiment above, and these images' size are 512*512. The pixel depth scope has been changed from 4096 to 256, and the 3D space partition ratio of the series volume data is 1:1:2.168. We use three above algorithms to carry up interpolated images, and used ray casting method on 3D reconstruction to render. The experimental results can be seen in Fig. 7 . More details can be seen in image (b) AIA than what in other images, which could explain that the novel algorithm is more suitable to volume rendering which is one method of 3D reconstruction. The main reason is that the novel algorithm can hold more details in 3D reconstruction, so the novel algorithm plays a critical role in 3D reconstruction.
CONCLUSION
Interpolation of medical slice images is an important procedure in 3D reconstruction and the interpolated results affect the reconstruction directly. To overcome the shortcomings brought by current algorithms, this paper proposes a novel adaptive image interpolation algorithm that is suitable to medical image processing, and volume rendering especially. This algorithm makes good use of the human anatomical structures and voxel relativity and takes not only the variation of gray but also the change of the anatomical structures contour into account, so it overcomes the shortcomings of the current algorithms and the novel method enables new image to better accord with the practical demand. The experimental results show that the visual effect and the image quality of the novel method improve a lot and the time-costing decrease greatly, which can improve the effects of the 3D reconstruction. We can obtain satisfying interpolation result and the algorithm has practical value. We will study the interpolation further and hope to obtain better interpolation effect.
